Groundwater Dependent Ecosystems (GDE) have important functions in all climatic zones as 13 they contribute to biological and landscape diversity and provide important economic and 14 this diversity. The basic division includes the terrestrial (GDTE; e.g. wet forests, riparian 28 zones, wetlands) and aquatic (GDAE; e.g. springs, lakes, rivers with hyporheic zones, 29 lagoons) groundwater dependent ecosystems. 30
Woda stream draining the area of Wielkie Bloto fen, (iii) extensive sampling of surface water 23 and groundwater in the study area for chemical and isotope analyses, aimed at quantifying the 24 dynamics of water flow and tracing the postulated upward seepage of groundwater, and (iv) 25 modeling of expected changes in groundwater flow in the study area, in response to intense 26 pumping by the Wola Batorska wellfield. 27
The Geoprobe® direct push device (Model 420M) was used to perform vertical profiling of 28 the Quaternary cover in the area of Wielkie Bloto, combined with sampling of water at 29 different depths. Water samples were collected at GP1, GP3 and GP4 sites (Fig. 2) . Site GP2 30 did not yield enough water for sampling. In addition, soil cores were collected at GP1, GP2 31 and GP3 sites (Fig. 4) . The Geoprobe® profiling verified the position of the aquitard 32 separating the shallow and deep aquifer in the study area. PVC screened pipes with a 2.5 inch 1 outside diameter were installed in GP1, GP2 and GP3 for subsequent observations of water 2 table. 3
In July 2014, two monitoring wells were drilled in the centre of the Wielkie Bloto fen (cf. 4 Fig. 2) . The well No. 54N reached the depth 97.5 m penetrating the Quaternary cover 5 a reaching the deeper Neogene aquifer (cf. Fig. 1 and 4) . The second well (No. 54Q) was 6 drilled till the depth of 8 m. Both wells were screened (cf. Table 1 ) and water samples were 7 collected for chemical and isotope analyses. Also, measurements of hydraulic heads in both 8
Quaternary and Neogene aquifers were made. 9
Geoprobe® profiling and direct drillings were supplemented by geophysical prospecting. 10 Surface DC resistivity sounding surveys were used as a reconnaissance tool to assess the 11 depth and thickness of clay and claystone layers separating the shallow aquifer from the 12 deeper aquifer in the area of Wielkie Bloto fen. The Vertical Electrical Sounding (VES) 13 surveys with the Schlumberger array (Koefoed, 1979) were applied at 11 locations, linked to 14 the locations of Geoprobe® profiling ( propagate in the shallow subsurface and reflects back from the geological strata which differ 22 in relative dielectric permittivity (ε r ), defined as the ratio of the measured dielectric 23 permittivity to the dielectric permittivity of vacuum. Peat layers are characterized by very 24 high ε r values (60-75) while sandy layers show ε r values in the order of 10-15, depending on 25 actual water content. The GPR surveys were performed with ProEx System (MALA 26 Geoscience), using offset configuration with co-polarized 250 MHz centre frequency shielded 27 antenna. Seven separate GPR profiles with the total length of approximately 1400 m were 28 obtained (cf. Fig. 2) . 29
In order to detect hydraulic response of the aquifer to operation of new pumping wells located 30 in Wola Batorska, systematic observations of hydraulic head in well No. 32, situated ca. 1 km 31 north of the Wola Batorska wellfield were performed (see Fig. 2 ). Initially, the depth of water 32 table was measured manually using water level meter. Starting from July 4, 2012, automatic 1 recording of the position of water table using pressure transducer was performed. Well No. 32 2 maintained artesian conditions prior to establishing the cluster of the new water-supply wells. 3 Network for collecting water samples for chemical and isotope analyses is shown in Fig. 2 . 4
Field procedures for hydrochemical sampling were similar to those described by Salminen et 5 al., (2005) . Unfiltered water was collected in 500 ml polyethylene bottles for major ion 6 analysis. Filtered water was acidified using HNO 3 to pH<2 and collected to new hardened 7 polyethylene 100 ml bottles for major, minor and trace components. For pH and Eh field 8 determinations, two laboratory calibrated instruments were used. They were immerged in the 9 pumped water until equilibrium was reached and minimal difference between both 10 instruments was recorded. Then, mean value of both readings was taken as accepted value. 11
Alkalinity was measured in the field by titration method. Inductively-coupled plasma mass 12 spectrometry (ICP-MS) and other routine methods were used for determinations of chemical 13 composition of water samples collected during the study (exploratory boreholes, water-supply 14 wells, Dluga Woda stream, Geoprobe® samples). Samples of water for isotope analyses were 15 collected using established protocols. Isotope and chemical data were also obtained for the 16 'Anna Spring' (No. 52 in Fig. 2) . Groundwater appearance at this side is linked to badly 17 sealed borehole drilled in 1970s for seismic prospecting. (water and total dissolved inorganic carbon pool, respectively) were measured at the AGH 30
University of Science and Technology in Krakow by electrolytic enrichment followed by 31 liquid scintillation spectrometry for tritium, and benzene synthesis followed by liquid 32 scintillation spectrometry for 14 C. Tritium concentrations are reported in tritium units (T.U. Chemical composition of groundwater samples collected in the recharge area was modeled 11 using PHREEQC (Version 2.18) geochemical code (Parkhurst and Appelo, 1999) . Piston-12 flow radiocarbon ages of groundwater in the confined part of the studied system were 13 calculated for using NETHPATH code (Fontes et al., 1979; Plummer et al., 1994) . and are supersaturated with respect to both calcite and dolomite. 5
The observed patterns of geochemical evolution of groundwater in the studied part of the 6
Bogucice Sands (Neogene) aquifer reflect its marine origin. Gradual freshening of the aquifer 7 continuing since the Miocene involves ion exchange processes between the solution and the 8 aquifer matrix. Waters dominated by Ca 2+ and Mg 2+ ions, while penetrating the aquifer, 9 exchange those ions in favor of Na + ions which are released to the solution. Presence of this 10 process is supported by Fig. 6 Table 1 and 2, respectively. 18
As seen in Fig. 5b and Table 1, stable Table 4 . Chemical data for the Dluga Woda stream are shown also 11 on Piper diagram (Fig. 7) . 12 Table 4 and Fig. 11 ). The 6 relationships between SEC, pH, Na content, Na/Cl molar ratio and the discharge rate of Dluga 7
Woda shown in Fig. 11 clearly indicate that for the flow rates lower than ca. 14 L s -1 the 8 physico-chemical parameters of water attain distinct values (SEC > 600µS cm -1 ; pH > 7.8; 9
Na > 30mg L -1 , Na/Cl ratio higher than 1.3) not observed for higher flow rates. In addition, 10 these low flow rates are accompanied by low tritium contents in the stream water. 54N were drilled, the artesian conditions in the deeper confined aquifer are still maintained 25 (Fig. 13 ). This will, however, change in future when more intense abstraction of groundwater 26 will take place. As shown in Fig. 13 , the simulated hydraulic heads of both aquifers will be 27 equal approximately 310 days (0.85 years) after beginning of the exploitation of Wola 28
Batorska wellfield with the maximum permitted capacity of 10 080 m 
